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A bottom-up model for energy,  
carbon, and costs assessment of  
building stocks  
Aims and research question
7RGHYHORSHQHUJ\HI¿FLHQF\VWUDWHJLHVIRUEXLOGLQJVWRFNVWKHUHLVDQHHGIRU
VLPSOL¿HGPHWKRGRORJLHVDQGWRROVIRUDVVHVVLQJGLIIHUHQWRSWLRQVDQGVHOHFWLQJ
the best option. Bottom-up modelling of buildings, whereby each building is 
modelled separately, is required to determine the impacts of new technologies 
RUUHWUR¿WPHDVXUHVZLWKDSSURSULDWHVSDWLDODQGWLPHUHVROXWLRQV,QDGGLWLRQLQ
developed regions, such as the EU (the main application of the present work), 
most buildings are already built, which means that the main challenge in the 
coming decades is to improve the existing building stock. Therefore, a bottom-
XSPRGHOOLQJPHWKRGRORJ\KDVEHHQGHVLJQHGWRDVVHVVHQHUJ\HI¿FLHQF\DQG
CO2 mitigation strategies in the existing building stock. The model meets the 
following objectives: 
 to be simple with respect to both the descriptions of the buildings and model 
complexity, so as to reduce computational time and the amount of input data; 
 to allow modelling of the building stock of an entire region or country on a 
level that allows aggregation for Europe as a whole; 
 WRDOORZDVVHVVPHQWVRI WKHHIIHFWVRIGLIIHUHQWHQHUJ\HI¿FLHQF\PHDVXUHV
including market realism, when it comes to the achievement of the potentials;
 to include behavioural issues;
 to allow assessments of the direct and indirect costs per unit of energy and 
CO2 saved (meeting certain criteria, e.g., discount rate, baseline year, target 
year); and 
 to allow for easy and quick changes of inputs and assumptions in the model. 
Method description 
The ECCABS (Energy, Carbon, and Costs Assessment for Building Stocks) 
model was developed to comply with above-mentioned objectives. The model is 
described in detail by Mata et al. (2010a). The simulation model consists of two 
parts: 1) a Simulink model, which solves the energy balance for buildings; and 
2) a code written in Matlab, which handles the input and output data from the 
Simulink model (Mathworks, 2010). The model uses a bottom-up engineering 
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approach in which the energy demand of individual buildings is calculated 
based on the physical and thermal properties of the buildings, existing heating 
and ventilating systems, type of building (i.e., single-family houses or multi-
family houses), and climatic conditions. The analysed buildings can be either 
existing sample buildings or so-called archetypes, i.e., representative of a group 
of buildings with similar structure, service systems, and purpose as the building 
stock to be investigated.
The model provides two energy outcomes: 1) end-use demand, i.e., the energy 
GHPDQG IRU KHDWLQJ YHQWLODWLRQ DQG KRWZDWHU LQ EXLOGLQJV DQG  WKH ¿QDO
HQHUJ\GHPDQGZKLFKWDNHVLQWRFRQVLGHUDWLRQWKHHI¿FLHQF\RIHQHUJ\VXSSO\
systems to the buildings. The results for individual buildings are then scaled-up 
to represent a country´s building stock by multiplying the results by the number 
RI EXLOGLQJV WKDW ¿W WKH GHVFULSWLRQ RI HDFK EXLOGLQJPRGHOOHG7KH SRWHQWLDO
HQHUJ\VDYLQJVIURPYDULRXVHQHUJ\HI¿FLHQF\PHDVXUHVDUHDOZD\VUHODWHGWRD
reference energy demand, which is calculated and recorded for a certain year for 
the existing buildings of the stock to be analysed.
In addition, the model results include estimates of costs and carbon intensities of 
fuels and the estimated direct costs (i.e., investments, operation and maintenance 
FRVWVIRUWKHHI¿FLHQF\PHDVXUHV,QSXWGDWDUHJDUGLQJIXWXUHHQHUJ\SULFHVDQG
CO2 emissions are provided by scenarios for world wholesale energy prices 
for the industrial sector (Axelsson and Harvey, 2010; see also Chapter 20), 
future electricity prices (see Chapter 1 in the European Energy Pathways book) 
and CO2 emissions from electricity production (see Chapter 10 in European 
Energy Pathways book). The input data are complemented with information on 
distribution costs and excise taxes from the IEA (2009), and VAT rates for the 
residential sector based on current rates (EC, 2010). The inclusion of indirect 
costs is currently under development.
Obviously, the results obtained depend on the characteristics of the buildings, 
DVZHOODVRQWKHHQHUJ\FDUERQLQWHQVLW\RIWKHEXLOGLQJVHFWRUVWXGLHG7KXV
although the model was applied using a relatively high number of residential 
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buildings in Sweden and validated as described in the next section, it is dependent 
upon the inputs. Therefore, the possibility to apply this model to countries and 
regions other than Sweden will depend on the availability of data on buildings 
LHGDWDIRUDVXI¿FLHQWO\KLJKQXPEHURIVDPSOHRUDUFKHW\SDOEXLOGLQJV
Validity and reliability of ECCABS 
The accuracy of the energy balance model (in Simulink) was tested and 
YDOLGDWHGIRUWZREXLOGLQJVDQRI¿FHEXLOGLQJORFDWHGLQ%DUFHORQD6SDLQDQG
DUHVLGHQWLDOEXLOGLQJLQ.|SLQJ6ZHGHQ)RUWKH6SDQLVKRI¿FHEXLOGLQJIRU
which the cooling demand is covered by natural ventilation only, the indoor 
temperature during a warm week was calculated and compared to the measured 
indoor temperatures. The modelling results were reasonable, albeit not in full 
agreement with the measurements. This discrepancy is partly explained by 
uncertainties regarding some of the input values, given the characteristics of 
the building (i.e., large glass façades, ventilated basement, natural ventilation, 
and extensive exposure to the sun). However, the discrepancy is also due to the 
VLPSOL¿HGQDWXUHRIWKHPRGHOOLQJDSSURDFK7KHODWWHUH[SODQDWLRQZDVYHUL¿HG
by comparing the results from the ECCABS model to results obtained using 
another model, DesignBuilder (DB, 2010), which performs a more detailed 
VLPXODWLRQRIQDWXUDOYHQWLODWLRQ,QWKHFRPSDULVRQEHWZHHQWKHPRUHVLPSOL¿HG
ECCABS model and the more complex DesignBuilder model, the latter provided 
results that were closer to the measured values. Nonetheless, the ECCABS-
modelled heating demand was within the range of measured heat consumption, 
as described by Mata et al. (2009). As for the Swedish residential building, the 
calculated heat demand was in a good agreement with the measured values 
(within 1% difference) (Mata et al., 2009).
The simulation of energy consumption for the baseline year serves as a large-
scale validation of the model. The results of the ECCABS model relate energy 
HI¿FLHQF\PHDVXUHVWRDEDVHOLQHHQHUJ\XVHDOVRUHIHUUHGWRDV³XVHIXOHQHUJ\´
LQWKH\HDUZKLOHWKHVWDWLVWLFVRQO\UHSRUW¿QDOHQHUJ\XVHDOVRUHIHUUHGWR
as “delivered energy”). The difference between the statistics and the total energy 
use resulting for this work, recalculated as delivered energy, was 5% (taking 
LQWRDFFRXQWWKHW\SHVDQGHI¿FLHQFLHVRIWKHKHDWLQJDQGHOHFWULFLW\V\VWHPVLQ
the housing stock, i.e., the percentages of oil, gas, pellets, wood, electricity and 
district heating for heating and hot water demand). Thus, the baseline energy use 
LVFRQVLGHUHGYDOLGDWHG7KHPRGHOOHG¿QDOHQHUJ\E\IXHOVZDVDOVRYDOLGDWHG
against data available in the ODYSSEE and GAINS databases (Enerdata 2010; 
IIASA, 2010).
The modelling results for the Swedish case have been compared to the results 
of previously published studies on the topic. This is not a straightforward task, 
VLQFH WKH VWXGLHV GLIIHU LQ WHUPV RI DVVXPSWLRQV SRVVLEOH HI¿FLHQF\ RSWLRQV
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DQGDSSURDFKHVLQWKHPRGHOOLQJ7RVWDUWZLWKWKHUHDUHVHYHUDOGH¿QLWLRQVRI
³HQHUJ\VDYLQJSRWHQWLDOV´LQ6ZHGHQWKH\DUHJHQHUDOO\UHODWHGWRWKHGH¿QLWLRQ
of cost savings (see box below).
First, the total technical potential derived in the present study is up to 65% 
higher than that reported by other sources (Sandberg, 2007), while our calculated 
techno-economic potential saving is 30%-50% lower than those previously 
reported (BFR, 1996; Dalenbäck et al., 2005, Pettersson and Göransson, 2008). 
Second, bottom-up modelling approaches generally tend to provide higher 
potentials than top-down assessments (see Swan and Ugursal, 2009). Third, the 
QXPEHURIPHDVXUHVVWXGLHGLQÀXHQFHVWKHWRWDOSRWHQWLDOHJVRPHVWXGLHVGR
QRW LQFOXGH UHGXFHG LQGRRU WHPSHUDWXUH DV DQ HI¿FLHQF\ RSWLRQ ,Q DGGLWLRQ
WKHLQWHUHVWUDWHXVHGREYLRXVO\LQÀXHQFHVWKHUHVXOWVLQWKHSUHVHQWFDVH
was applied). Finally, the data used for the description of the building stock 
LQÀXHQFHWKHUHVXOWV2XUZRUNLVWKH¿UVWDVVHVVPHQWEDVHGRQDGHVFULSWLRQRI
the Swedish buildings as they were in year 2005, while all the other studies are 
based on the Swedish building stock in 1995. For a detailed comparison of the 
present and other reports and models, see Mata et al. (2010b).
The investment required to implement all the measures assessed in the present 
work is much lower than that estimated in a previous national report (BFR, 
1996). A possible reason for this discrepancy is that in the present study, some 
investment costs have been set at zero when the measure is assumed to take 
SODFHLQDQ\FDVHPDLQO\GXHWRUHJXODWLRQVWDQGDUGVHJFKDQJHVLQOLJKWLQJ
and some appliances. In addition, there have been developments in technologies 
'(),1,7,2162)(1(5*<6$9,1*327(17,$/6
7KHPRVWFRPPRQGLVWLQFWLRQVLQWKHGH¿QLWLRQRIWKHFRVWVIRUHQHUJ\VDYLQJVKDYH
been found to be: 
The technical potentialZKLFKLVGH¿QHGDVWKHDPRXQWE\ZKLFKLWLVSRVVLEOHWRUHGXFH
energy demand or CO2 emissions by implementing already demonstrated techno- ORJLHVDQGSUDFWLFHVZLWKRXWVSHFL¿FUHIHUHQFHWRFRVWV
The techno-economic potentialZKLFK LV WKHFRVWHIIHFWLYHLHSUR¿WDEOH WHFKQLFDO
potential to reduce energy demand or CO2 emissions. The costs are calculated as the 
net annual cost to apply the measure minus the cost of the energy saved, divided by 
the energy saved or CO2 avoided due to the application of the measures.
,16:('(1
Cost savings DUHGH¿QHGDVWKHVXPRIWKHLQYHVWPHQWDQGWKHSUHVHQWYDOXHRIWKH
DQQXDOPDLQWHQDQFHFRVWRI WKHHI¿FLHQWDOWHUQDWLYHGLYLGHGE\WKHSUHVHQWYDOXHRI
WKHFRVWRIWKHDQQXDOHQHUJ\VDYLQJV*%7KHVHVDYLQJVZHUHXVHGDVWKH
EDVLVIRUWKH¿UVW6ZHGLVKHQHUJ\VDYLQJSODQDQGKDYHVXEVHTXHQWO\EHHQXVHGLQDOO
6ZHGLVKHQHUJ\HI¿FLHQF\DVVHVVPHQWV
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(and costs) since 1996. As for the assessment of CO2 abatement opportunities, QRQHRIWKHRWKHUDYDLODEOHVWXGLHVGHWDLOVWKHPHWKRGRORJ\XVHGDQGWKHVSHFL¿F
measures that were included.
Application of the tool
The ECCABS model has been used to assess the energy savings and CO2 PLWLJDWLRQRIUHWUR¿WWLQJPHDVXUHVLQWKH6ZHGLVKKRXVLQJVHFWRUVHH&KDSWHU
45 in the European Energy Pathways book and Mata et al., 2010b,c). The 
model has also been used together with two top-down models (see Chapters 
DQGWRSURYLGHDFRPSUHKHQVLYHRYHUDOODVVHVVPHQWRIHQHUJ\HI¿FLHQF\
and CO2 mitigation strategies in the existing European building stock under 
different scenarios up to the year 2050 (see Chapters 44 in the European Energy 
Pathways book). The end-use energy model was initially developed under the 
name ”Energy Assessment of Building Stocks - EABS” (Mata and Sasic, 2009) 
to estimate the effects of a number of measures for reduced energy use in the 
Swedish residential stock, as represented by a number of buildings. That task 
was commissioned by Boverket and the results are published in part in Boverket 
(2009).
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